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Description

The present invention relates to the improve-
ment of a circuit to prevent an erroneous write (or
erase) operation in a semiconductor memory de-
vice such as an electrically erasable and program-
mable read-only memory (E?PROM) or a non-
volatile random access memory (NOVRAM).

In an E?PROM or NOVRAM, a write/erase volt-
age, which is significantly higher than a normal
power supply voltage Vgc (for example, 5 V), is
required. For this purpose, a step-up circuit has
been incorporated into each chip to generate an
internal write/erase mode, voltage IVP of 20 to 25
V. That is, in a write/erase mode, a write enable
signal is supplied to the step-up circuit, thereby
increasing the write/erase voltage IVP. As a result,
this high voltage IVP is applied to a memory cell to
perform a write/erase operation thereupon due to a
tunnelling effect.

However, even when the power supply voltage
Ve is not high (for example, lower than 3.5 V), the
step-up circuit and other circuits such as address
buffers may be operated, thus erroneously carrying
out a write/erase operation. That is, when the pow-
er supply voltage Vg rises or falls because the
power supply thereof is turned ON or OFF, an
erroneous write/erase operation may be carried out,
thus destroying data stored in the cells. To avoid
this, a V¢ sense circuit is incorporated into each
chip for detecting whether or not the power supply
voltage Vcc is higher than a predetermined value,
and therefore, only when the power supply voltage
Ve is higher than the predetermined value are the
step-up circuit and the like operated. A circuit for
preventing an erroneous write/erase operation con-
ventionally comprises such a V¢ sense circuit.

Prior art or proposed erroneous write/erase op-
eration preventing circuits comprise

a first power supply terminal means;

a second power supply terminal means;

a write enable terminal for receiving a write
enable signal;

an erroneous write operation preventing circuit,
connected to the first and second power supply
terminal means and to the write enable terminal, for
receiving the write enable signal and generating an
internal write enable signal for an actual write op-
eration only when a potential of the high power
supply terminal means is higher than a predeter-
mined value; and,

resetting means, connected to the erroneous
write operation preventing circuit, for resetting the
circuit after receiving the internal write enable sig-
nal. However, their power consumption is relatively
large and their configuration is relatively complex,
as will be explained later.

According to the invention as specified in claim
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1 such an erroneous write operation preventing
circuit comprises

an enhancement-type MIS transistor having a
drain connected to the first power supply terminal
means, a gate for receiving the write enable signal,
and a source;

a depletion-type MIS transistor having a drain
connected to the source of the enhancement-type
MIS fransistor, and a gate connected to a source of
it and to the second power supply terminal means;
and,

a flip-flop having a set terminal connected to
the drain of the depletion-type MIS transistor, a
reset terminal for receiving an output signal from
the resetting means, and an output for generating
the internal write enable signal.

In this circuit, the write enable signal WE can
be a frigger signal, so that only a transient current
flows through the buffer formed by the enhance-
ment type fransistor and the depletion transistor,
thereby reducing its power consumption. Also, the
configuration is simple.

A particular embodiment of a circuit in accor-
dance with this invention will now be described and
contrasted with the prior art with reference to the
accompanying drawings, wherein:

Figure 1 is a block circuit diagram illustrating all
of an E?’PROM to which the present invention
applies;

Figure 2 is a circuit diagram of a previously
proposed erroneous write/erase operation pre-
venting circuit;

Figure 3 is a circuit diagram of another pre-
viously proposed erroneous write/erase opera-
tion preventing circuit;

Figure 4 is a circuit diagram of the embodiment
of the erroneous write/erase operation prevent-
ing circuit according to the present invention;
Figure 5 is a timing diagram showing the opera-
tion of the circuit of Figure 4;

Figure 6 is a graph showing the trip point char-
acteristics of the flip-flop of Figure 4; and,

Figure 7 is a circuit diagram of a trigger circuit
interposed into the circuit of Figure 4.

First, an example of an E?°PROM will be ex-
plained with reference to Fig. 1. In Fig. 1, reference
numeral 1 designates a memory cell array includ-
ing memory cells. For example, a memory cell CL;;
is provided at an intersection between a word line
W; and a bit line BL;. P; designates a program line.
Reference numeral 2 designates row address buff-
ers each receiving an X-address signal A; (i = 0 fo
n); 3 row address decoders; 4 column address
buffers each for receiving a Y-address signal A/ (i
= 0 to n); 5 column address decoders; and 6 Y-
gates. Output data is transmitted from the Y-gates
6 via a sense amplifier 7 and an output data buffer
8 to an output terminal DO, and input data is
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supplied from an input terminal DI via an input data
buffer/latch circuit 9, a write/erase control circuit 10,
and a charge pump circuit 11 to the Y-gates 6.

Reference numeral 14 designates a mode se-
lection circuit for receiving a chip-enable signal CE,
a write-enable signal WE, an output-enable signal
OE, and the like, to select an operation mode. That
is, the mode selection circuit 14 controls the ele-
ments 2, 3, 4, 5, 8, 9, and 10, in accordance with
the signal CE, WE, OE, and the like.

Reference numeral 15 designates a clock gen-
erating circuit which generates a write enable clock
signal WE when a write/erase operation is carried
out.

Reference 16 designates an erroneous
write/erase operation preventing circuit which re-
ceives the write enable clock signal WE and gen-
erates an internal write enable signal IWE for a
step-up circuit 17. The step-up circuit generates a
high voltage INV during a write/erase mode (IWE
= ""). That is, the high voltage of the step-up
circuit 17 is supplied to each of the charge pump
circuits 11, 12, and 13.

Reference 18 designates a timer activated by
the internal write enable signal IWE. That is, when
a predetermined time period has passed after the
generation of the internal write enable signal IWE,
the timer 18 generates a reset signal RST to reset
the mode selection circuit 14 and the erroneous
write/erase operation preventing circuit 16.

A writing operation for the memory cell CL is
carried out by applying a high voltage (20 V to 25
V) to the word line WL,; and to the bit line BL;. An
erasing operation for the memory cell CL; is car-
ried out by applying a high voltage (20 V to 25 V)
to the word line WL; and to the program line P;.
Note, generally, in an E?PROM, a "writing opera-
tion" denotes the writing of data "0" into a cell, and
an "erasing operation" denotes the writing of data
"1" into a cell. The read operation for the memory
cell C; is carried out by applying a power supply
voltage Ve (= 5 V) to the word line WL and
applying a predetermined bias voltage (about 2 V)
to the program line P;.

In Fig. 2, which illustrates a proposed erro-
neous write/erase operation preventing circuit, this
circuit is comprised of a Vgc sense circuit SC, a
flip-flop FF, and an AND circuit Gi. The sense
circuit SC is comprised of depletion-type transis-
tors Qi and Q2 forming a voltage divider, a
depletion-type transistor Qs serving as a feedback
means, a depletion-type transistor Qs and an
enhancement-type transistor Qs forming an inverter
INVy , and a depletion-type transistor Qs and an
enhancement-type transistor Q; forming an inverter
INVs.

In the circuit of Fig. 2, since the transistor Q is
always conductive to pull down the potential at
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node N; to the ground GND, the potential at node
N; is 0 V when the power supply voltage Vg is 0
V. Next, when a power supply is turned ON to raise
the power supply voltage Vgc , a current flowing
through the transistors Qi and Q2 increases so that
the potential at node N1 is increased in accordance
with the conductance ratio of the transistor Qi to
the transistor Q.. As a result, when the potential at
node N4 exceeds a trip point of the inverter INV; ,
the inverters INVy and INV, are operated to in-
crease the potential at node N, , which is fed back
to the gate of the transistor Qz. Therefore, the
potential at node N is rapidly increased, and ac-
cordingly, the potential at node Nz is also rapidly
increased. As a result, the flip-flop FF is set to
generate an internal write enable signal IWE via the
AND circuit Gi. In this case, the ftransistor Qs
remains in a conductive state, so that the potential
at node N is stable and holds the operation of the
inverters INVy; and INV:. Conversely, when the
power supply is turned OFF, the power supply
voltage Vcc is decreased. As a result, when the
potential at node N;i becomes lower than the trip
point of the inverter INVy , the potential at node N
is decreased.

Therefore, in the circuit of Fig. 2, when the trip
point of the inverter INV; is designed to meet the
case wherein the power supply voltage Vg is a
predetermined value such as 3.5 V, the circuit of
Fig. 2 exhibits an excellent Vg¢ sense circuit func-
tion.

In the circuit of Fig. 2, since the initial stage
such as Qi to Qs is comprised of depletion-type
fransistors which are resistant to noise, it is not
affected by the fluctuation of each element. In the
circuit of Fig. 2, however, since the inverter INV; is
operated only when a difference between the po-
tential at node Ny and the power supply voltage
reaches a constant value, the above-mentioned
voltage divider is necessary for effectively operat-
ing the inverter INVy. Therefore, when the power
supply is being turned ON, a current always flows
through the voltage divider (Q1 and Qg), thus rais-
ing a problem of a large power consumption. Also,
in this case, a current flows through at least one of
the inverters INV;: and INV: , thus also raising a
problem of a large power consumption.

In Fig. 3, which illustrates another proposed
erroneous write/erase operation preventing circuit
which solves the power consumption problems in
the circuit of Fig. 2, a complementary MOS
(CMOS) inverter INV; , a P-channel MOS transistor
Qs , and an N-channel MOS transistor Qs are
added to the elements of Fig. 2, and the inverters
INVy and INV, are also CMOS type. An inverted
signal WE of the write enable signal WE is applied
to the gates of the fransistors Qs and Qs , as a
result, even after the power supply is turned ON, if



5 EP 0 250 242 B1 6

the signal WE is at a high level (non write/erase
mode), the transistor Qg is turned OFF while the
transistor Qg is turned ON. As a result, no current
flows through the Ve sense circuit SC. That is,
only when the signal WE is at a low level
(write/lerase mode), is the Vg sense circuit SC
operated.

Further, in the circuit of Fig. 3, since the V¢
sense circuit SC is controlled by the power supply
voltage V¢ and the inverted signal WE of the write
enable signal WE, the configuration and operation
thereof are complex. Furthermore, in the circuit of
Fig. 3 as well as the circuit of Fig. 2, a hysteresis
phenomenon occurs when the power supply is
turned ON and OFF. It is, however, impossible to
avoid this hysteresis phenomenon, since the poten-
tial at node Nz is fed back to the base of the
transistor Qz. In order to reduce the hysteresis
phenomenon, the size of the feedback transistor Qs
may be reduced. In this case, however, since the
rise time of the power supply is on the order of
milliseconds while the operation speed of the in-
verters is on the order of nanoseconds, the V¢
sense circuit SC may be oscillated when the power
supply voltage ¢¢ rises, thus inviting a malfunction
in the operation of the internal circuits.

In Fig. 4, which illustrates an embodiment of
the erroneous write/erase operation preventing cir-
cuit according to the present invention, an N-chan-
nel enhancement-type transistor Qi1 and an N-
channel depletion-type transistor Q12 are connect-
ed in series between the power supply terminals
labelled Ve and GND, to form the Vcc sense
circuit SC. That is, the transistor Qi1 has a drain
connected to the power supply Ve ., a base for
receiving a write enable signal WE, and a source
connected to a node Ns. Also, the transistor Qi2
has a drain connected to the node N3 , and a gate
connected to a source thereof, which is also con-
nected to the power supply GND.

Connected to the node Ns; is a flip-flop FF
formed by two cross-coupled NOR circuits G, and
Gz. In this case, the NOR circuits G2 and Gz are
comprised of well known CMOS transistors.

The operation of the circuit of Fig. 4 will be
explained with reference to Figs. 5 and 6. When
the power supply voltage Vg rises from time to ,
the write enable signal WE and the inverted signal
WE thereof also rise, however, these signals can-
not exceed the power supply voltage Vec , since
they are internal signals.

At time t1 , when the write enable signal WE
rises due to noise or the like to turn ON the
transistor Q11 , the potential at node Nz also rises,
but in this case, this potential cannot exceed a trip
point Vi, of the flip-flop FF which is dependent
upon the power supply voltage Vec (5 Veer) at
time 2 , as shown in Fig. 6.
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Contrary to above, at time tz , when the write
enable signal WE rises to turn ON the transistor
Q11 , the potential at node Ns rises, and in this
case, this potential exceeds a trip point Vip, of the
flip-flop FF where V¢ equals Vg2 , as shown in
Fig. 6.

Thus, if the trip point characteristics of the
CMOS flip-flop FF are suitably adjusted, the flip-
flop FF is not set before the power supply voltage
V¢ reaches a level which is, for example, between
the two levels Vgeoy and Veeo. Therefore, an erro-
neous write/erase operation due to noise can be
avoided when the power supply voltage V¢ is
relatively low.

Once the potential at node Ns; reaches the
above-mentioned level for 5 to 6 nanoseconds, the
flip-flop FF can not be inverted by any kind of
noise. Also, in the circuit of Fig. 4, the hysteresis
phenomenon does not occur when the power sup-
ply is turned ON and OFF.

Further, if a trigger pulse WE' is used instead
of the write enable signal WE, current flows
through the V¢ sense circuit SC for only a very
short time period, thus further reducing the power
consumption. Note that such a trigger pulse WE'
can be generated by a frigger circuit 19 as shown
in Fig. 7. In Fig. 7, INVy designates a CMOS
inverter, R a resistor, C a capacitor, and Gs a
CMOS NOR circuit.

As explained above, the erroneous write/erase
operation preventing circuit of the present invention
has an advantage over the proposed circuits, in
that the configuration is simple; the hysteresis phe-
nomenon does not occur when the power supply is
turned ON and OFF; and, the circuit does not
operate before the power supply voltage Vec
reaches a predetermined voltage, so that the op-
eration of the circuit is not affected by noise. Fur-
ther, since the control signal of the current cut-off
transistor Q11 can be a trigger pulse, only a fran-
sient current flows through the transistors of the
Ve sense circuit, and thus it is possible to realize
a very low power dissipation circuit.

Claims

1. A semiconductor memory device comprising:

a first power supply terminal means (Vcc);

a second power supply terminal means
(GND);

a write enable terminal for receiving a write
enable signal (WE);

an erroneous write operation preventing
circuit (16"), connected to the first and second
power supply terminal means and to the write
enable terminal, for receiving the write enable
signal (WE) and generating an internal write
enable signal (IWE) for an actual write opera-
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tion only when a potential of the high power
supply terminal means is higher than a pre-
determined value; and,

resetting means, connected to the erro-
neous write operation preventing circuit (16"),
for resetting the circuit after receiving the inter-
nal write enable signal (IWE),

characteristised in that the erroneous write
operation preventing circuit (16") comprises:

an enhancement-type MIS transistor (Q11)
having a drain connected to the first power
supply terminal means, a gate for receiving the
write enable signal, and a source;

a depletion-type MIS transistor (Qi2) hav-
ing a drain connected to the source of the
enhancement-type MIS transistor (Q11), and a
gate connected to a source of it and to the
second power supply terminal means; and,

a flip-flop (FF) having a set terminal con-
nected to the drain of the depletion-type MIS
transistor (Q12), a reset terminal for receiving
an output signal from the resetting means, and
an output for generating the internal write en-
able signal (IWE).

2. A device according to in claim 1, wherein the
flip-flop comprises cross-coupled CMIS NOR
circuits (Gz, Gs).

3. A device according to claim 1 or 2, further
comprising a trigger circuit (19) connected be-
tween the write enable terminal and the erro-
neous write operation preventing circuit.

4. A device according to any one of the preced-
ing claims, further comprising a write enable
signal generating circuit (14, 15), connected to
the write enable terminal, for generating the
write enable signal.

5. A device according to any one of the preced-
ing claims, wherein the resetting means com-
prises a timer (18) for resetting the write op-
eration preventing circuit when a predeter-
mined time period after receiving said interal
write enable signal has elapsed.

Revendications

1. Dispositif mémoire semiconducteur compre-

nant :

des premiers moyens constituant une bor-
ne d'alimentation électrique (V) ;

des seconds moyens constituant une bor-
ne d'alimentation électrique (GND) ;

une borne d'activation d'écriture pour re-
cevoir un signal d'activation d'écriture (WE) ;

un circuit (16") pour empécher un fonc-
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tionnement erroné en écriture connecté aux
premiers et seconds moyens constituant bor-
nes d'alimentation élecirique et a la borne
d'activation d'écriture pour recevoir le signal
d'activation d'écriture (WE) et générer un si-
gnal d'activation d'écriture interne (IWE) pour
exécuter une opération d'écriture réelle seule-
ment si le potentiel de la borne d'alimentation
électrique haute tension est plus grand qu'une
valeur prédéterminée ; et,

des moyens de remise & |['état initial,
connectés au circuit (16") pour empécher un
fonctionnement erroné en écriture pour remet-
tre & I'état initial le circuit aprés la réception du
signal interne d'activation d'écriture (IWE),

caractérisé en ce que le circuit (16") pour
empécher un fonctionnement erroné en écritu-
re comporte :

un transistor MIS du type & enrichissement
(Q11), comportant un drain connecté aux pre-
miers moyens constituant une borne d'alimen-
tation électrique, une grille pour recevoir le
signal d'activation d'écriture et une source ;

un transistor MIS du type & déplétion (Qi2)
comportant une drain connecté & la source du
transistor MIS du type a enrichissement (Qi1),
et une grille connectée & sa source et aux
seconds moyens constituant une borne d'ali-
mentation électrique ; et,

une bascule (FF) ayant une borne de ré-
glage (set) connectée au drain du fransistor
MIS du type & déplétion (Qi2), une borne de
remise & I'état initial (reset) pour recevoir un
signal de sortie provenant des moyens de re-
mise & I'état initial et une sortie pour engen-
drer le signal d'activation d'écriture interne
(IWE).

Dispositif selon la revendication 1, dans lequel
la bascule flip flop comporte des circuits NON
OU de type CMOS couplés en croisement (G2,
Gs).

Dispositif selon la revendication 1 ou 2, com-
prenant de plus un circuit de déclenchement
(19) connecié entre la borne d'activation d'écri-
ture et le circuit pour empécher un fonctionne-
ment erroné en écriture.

Dispositif selon I'une quelconque des revendi-
cations précédentes, comprenant de plus un
circuit (14, 15) générateur d'un signal d'activa-
tion d'écriture, connecté 2 la borne d'activation
d'écriture pour engendrer le signal d'activation
d'écriture.

Dispositif selon I'une quelconque des revendi-
cations précédentes, dans lequel les moyens
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de remise 2 I'état initial comportent une horlo-
ge (18) pour remetire & I'état initial le circuit
pour empécher un fonctionnement erroné en
écriture quand une période de temps prédéter-
minée aprés la réception dudit signal d'activa-
tion d'écriture interne s'est écoulée.

Patentanspriiche

1.

Halbleiterspeichervorrichtung mit:

einem ersten Energieversorgungsanschiuf8
(Vee)

einem  zweiten
schluB (GND);

einem Schreibfreigabeanschlu8, zum Emp-
fangen eines Schreibfreigabesignals (WE);

einer Schaltung (16") zur Verhinderung ei-
nes fehlerhaften Schreibbetriebs, die mit den
ersten und zweiten Energieversorgungsan-
schllissen und dem Schreibfreigabeanschlufl
verbunden ist, um das Schreibfreigabesignal
(WE) zu empfangen und ein internes Schreib-
freigabesignal (IWE) fiir einen tatsdchlichen
Schreibbetrieb nur dann zu erzeugen, wenn
ein Potential des Hochenergieversorgungsan-
schlusses hdher als ein vorbestimmter Wert
ist; und

einer Riucksetzeinrichtung, die mit der
Schaltung (16™) zur Verhinderung eines fehler-
haften Schreibbetriebs verbunden ist, um die
Schaltung nach Empfang des internen Schreib-
freigabesignals (IWE) zurlickzusetzen,

dadurch gekennzeichnet, daB die Schal-
tung (16") zur Verhinderung eines fehlerhaften
Schreibbetriebs umfaBt;

einen Anreicherungstyp-MIS-Transistor
(Qq1), der ein Drain, das mit dem ersten Ener-
gieversorgungsanschluB verbunden ist, ein
Gate zum Empfangen des Schreibfreigabesi-
gnals, und eine Source hat;

einen Verarmungstyp-MIS-Transistor
(Q12), der ein Drain, das mit der Source des
Anreicherungstyp-MIS-Transistors (Qq1) ver-
bunden ist, und ein Gate, das mit seiner Sour-
ce und mit dem zweiten Energieversorgungs-
anschluB verbunden ist, hat; und

ein Flipfop (FF), das einen Setzanschiuf
hat, der mit dem Drain des Verarmungstyp-
MIS-Transistor (Q12) verbunden ist, einen
RicksetzanschluB zum Empfangen eines Aus-
gangssignals von der Ricksetzeinrichtung, und
einen Ausgang zum Erzeugen des internen
Schreibfreigabesignals (IWE) hat.

Energieversorgungsan-

Vorrichtung nach Anspruch 1, bei der das Fli-
pflop kreuzweise gekoppelte CMIS-NOR-Schal-
tungen (Gz, Gs) hat.
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10

Vorrichtung nach Anspruch 1 oder 2, ferner mit
einer Triggerschaltung (19), die zwischen dem
SchreibfreigabeanschluB und der Schaltung zur
Verhinderung fehlerhafter Schreiboperationen
verbunden ist.

Vorrichtung nach einem der vorhergehenden
Ansprliche, ferner mit einer Schreibfreigabe-
schaltung (14, 15), die mit dem Schreibfreiga-
beanschiuB verbunden ist, um das Schreibgrei-
gabesignal zu erzeugen.

Vorrichtung nach einem der vorhergehenden
Anspriiche, bei der die Riicksetzeinrichtung ei-
nen Zeitgeber (18) zum Zurlicksetzen der
Schaltung zur Verhinderung fehlerhafter
Schreiboperationen, wenn eine vorbestimmte
Zeitperiode nach Empfang des genannten in-
ternen Schreibfreigabesignals verstrichen ist,
umfaft.
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Fig. 4
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